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A submerged air  scoq  coneis t ing  eaeent ia l ly  of a conventional 
acoop located in  a dimple i n  the fuselage surface ha8 been investigated 
prellminarilg at low speede. The M e t  had an entrance width-height 
r a t i o  of  about .3.7 and a steep approach ramp (1g0 at the entrance) which 
provided a short and compact inatallation. The internal and external 
.flow c b r a c t e r i s t i c s  of the basic m e t  without boundEtry"layer control 
were studied by means of preaeure and tupt eurvega over a wide muge of 
inle-kvelocity  ratio. st,udies were then conducted t o  deternine the 
effects  of boundaq-layer control,  suctio-lot  location and model 
configuration, and variat  iolvr of boundary-lapr  thickness on i n l e t  
performance, A 8eU" t iva tb .g  boundary--layer bypas6 w a s  incorporated 
i n  the final arrangement teqted. A n  indication of the external drag 
w a s  obtained by wake sumeye dowktream of the.  coop and by pressure. 
surveys in the boundm-y-layer suction flow. 

In the presence of . a  thin Initial turbulent b0uxbz-y layer 
representative  for a fighter airplane i n  the high-peed h i g h 4 t i t u d e  
flight condition, the-peak total-ressure  recovery at the end of the 
2:l area ratio diffuser of the ba8ic i n l e t  without boundary-layer control 
waa o.83n0 and occurred at an inlet-velocftg r a t i o  of 1.1. Application 
of boundary-layer con6rol  increased  the pressur& recovery markedly mer  
the entire inlet-velocity+ratio range and'shifted the  pesk pressure 
recmery   to  a much lower value of inlet-veloci ty  r a t i o .  Ea the final. 
arrangement teated, a suction quantity of l4.7 percent of the entering - 

flow produced cdcdated   fncreases  in maximum net thrust of 6.2 percent 
or greater and calculated  reductiona in specific fuel conaurqption of 
3.1 percent  or  greater (compezed to the basic I n l e t  without boundazy- 
layer  control)   for a typic& jet-engine installation  operating at a 
flight speed of 600 milee per hour. It a p p a r a  that the flow ins t ab i l i t y  
frequently  encountered in the  case of twin internally coupled inlets nil1 ' 
be avoided with this arrangement for  design  highqeed  inlet-velocity 
ratios as low aa 0.5. 

UNCLASSIFIED 
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Appreciable  increaeee in  the thickness of the initial boundary 
lager  cawed  significant  &creases in W e t  performance which carmot be 
overcome aimgly by increasing the  auction quantity. Hence, the in le t  
appease deeirable f o r  application only at forward losationa on the 
fuselage where the boundary layer is  relatively thin. 

In modern thin-winged fighter  aircraf't  , equipment euch as the radar 
scanner asd gun8 IlluBt be located on the fuaelage 11088. This placement. 
of equ ipn t   f r equen t ly  r u l e e  out the nose inlet and necessitates the 
w e  of either the wing-ro-d m e t  or  the fuselage ecoop. The submerged 
vereion. of t h e  fuaelage scoop, the 8ubJect. of- thi-6 paper, is of interest  
in  such  caees bec,ause inetal la t ion usually can be a c c q l i e h e d  without 
increasing the frontal area or changing the bask lines of the body and, t 

presumedly, without  increasing the c h a g  of the body Importantly. A 
secondary advastage of the submerged scoop is that the ingeetion of' 
foreign  material  into the ducting is reduced as ccmpmd t o  other types 
of i n l e t s  by e x t e r n a l  inertia separation. 

A satisfactory internSl"f1ar pressure recwery i e  more difficult  
t o  etchleve with a subrnsrged inlet than with a conventional  protruded " 

inlet for two reasons : (1) the submged approach ramp tendB t o  confine 
the boundarg layer  approaching the entrance and t o  prevent it from being 
swept outboard 83"ouILd the  entrance, as *mens t o  ap important ertent i n  - 
the  case of the prortruded inlet (see reference 1); and (2) the flow 
ahead of the entrance muet turn Inwwd Were the f loor  of t he  approach 
ramp diverges from  the baaic fuselage contour. T h i B  twPing of the . .  - 
flow decrease8 the surface pressures Fn t h i s  region and thus, by 
increasing the magnitude of the over%ll. pressure r i e e  along the ramp, 
cau,ses the boundary layer on the raag t o  thicke-n more rapidly and t o  
separate  farther upetream than in the  case of the protruded inlet. The 
Fncreaeed flow velocity in this region a lso  may cawe lntgortant decreaslee 
in internal-flow pressure.  recovery due t o  boundary-laprhmk inter- 
action at free-&ream Mach nmibere appreciably lower than those f o r  the 
protruded inlet. . 

. .  
" . 

One type of smrged inlet, deecribed in references 2 and 3, has 
- " 

been inveetigated previously by the matienal Advisory Committee for 
AerOnaUtiC8. This i n l e t  has an approach raAp which diverges from the 
basic fwelage sur lace at an angle of about 70 and is  bounded at the 
aides by trTnnpe+-eped-dls which are approldmately perpendicular to 

at the tope of these ramp wall6 prevent most of the. boundary layer 
outboasd of the rasnp wall8 from entering the r-q in the high-8peed ? 

range of ide t - se loc i ty  ratio. Thus, as in the case of the prcdrudect 

the fusdagf3 ElUrfme. A8 d0&&b%g -="r6-fH%Wii%-3, VdYbiCeS OrigiIdiing 
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i n l e t ,  a large proportion of the  fuaeiage boundary layer b m a s e s  the 
entrance in this range of inlet-veloci ty   ra t io .  A s  s ta ted in refe- 
erne 3, the  effectivenees of t h i s   s e l f a t i v a t f n g  boundary-layer 
control  decreases as t h e   i n l e k e l o c i t y   r a t i o  ia increased t o  values 
t n i c d  f o r  climbing flight  became a large  proportion of the vortex 
f low then  enters  the inlet. 

A second t m e  of submerged inlet is the  subject of the  present 
investigation. Th i s  inlet,  designated a submerged scoop, consiets 
essent ia l ly  of a conventional scoop located  in  a dimple i n  the fuselage 
surface -beep enough t o  permit complete submergence  of the air inlet and 
wide enough t o  provide  "gutters" on each side of the scoop. If a large 
proportion of the r~.tmp boundary layer  can be made t o  bypass the  entrasce 
through these  gukters, th is  arrangement, in the abeence of ahock waves, 
should'provide  internal-flow  pressure  recoveries only slightly lower 
than those obtaFned with  conventional  protruded Fzlreta. 

Tnasmuch as a suitable high-eed f a c i l i t y  waa not  inmediately ' 

available f o r  this type of reeearch,  the  present  preliminary phase of 
t h e   i n v e s t i s t i o n  w a s  conducted a t  low speeds i n   t h e  --scale model of 
the  full-acalk tunnel, xhlch i s  described in reference 4. The remits 
obtained  obviously are direct ly  applfcab3-e only t o . subc r i t i ca l  flight 
Mach nunibem. Large changes in the performance charetcterietica of the 
in l e t  might occur a t  f l i gh t  speeds  appreciably  exceeding  those  corre- 
sponding t o  the initial attainment of sonic  velocity on the approach 
ramp. 

1 
1-5 

The model waa ins ta l led  in a groundboard curved in  the transverse 
direction t o  simulate the  side of a typical  fuselage. The t ee t   i n l e t  
had a width-height  ratio of about 3.7 and incorparated a steep approach 
ramp (19" at the  entrance) which provided a short and c v t  instal- 
la t ion  at the expense of an increase Fn the  mgnitude of the  negative 
pressure peak a t  the st& of the approach ramp. The internal  and 
external flow characterietics of the  baaic  inlet  without boundary--layer 
control were studied by means of pressure and tuft surveys over a wide 
range of inlet-velocity  ratio.  Studies were then conducted t o  determine 
the  effecta  of boundary-layer control ,   suct iowlot   locat ion,  and model 
configuration, and variationa of  boundary-layer thickness on W e t  
perfo-ce. A self-a&ivat€ng  boundary-layer  bypass was incorporated 
i n  the final arrangement tested. The benefits  obtained by the use of 
boundary-layer control  are  discussed  quantitativelg in  terms of the 
performance of a typical jetengine instal la t ion.  

Ekternal drag  could  not be determined d i rec t ly  i n  the  present tests 
because of the obvious limitatlona of the  experimental  apparatw. A n  
indication of the drag  characterist ics of the In le t .  at subcri t ical  epeeds 
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waa obtained, however, by meam of wake eurveye downstream of the scoop 
and by pressure surveye in the boundary-layer suction flaw. 

V i F o  
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SYMBOLS 

suction-flow coefficierrt.baaed on boundary-layer thich&aer 

20 inche8 ahead of acoop l i p  - 
(;:*b) 

suction-flow coefficient baaed on in l e t  area of main duct 

area 

span of s w t  ion slot 

total presaure 

boundetr;g"layer shape 'parameter 

inlet height of boundary-layer slot 

predicted  cr i t ical  Mach number 

s t a t i c  preseure 
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V flow velocity 

x distance para l le l  t o  surface of fuselage (see table I; 

Y distance f r o m  plane tangent t o  Rrselage at center line of inlet 

s ta t ion  0 corresponde t o  lip hading edge of configuration I) 

(See .table I. 1 

Y 1  . distance measked perpewcular to = f e e  

z distance from plane of symmstry of inlet (Seb table  I. ) 

P =sa density of air . 

6 ' t o t a l   t h i c h e a s  of boundary larer 

Sub script 8 : 

av average value weighted according t o  ~ E E I  flaw in case of main 
duct and according to area i n  case of euction ducts 

b point just outside boundary layer 

d end of diffuaer of =in duct 

i __.poin t  of min&mm area near entrance of main duct 

0 'free  stream 

8 boundEurg"1ayer auction flaw 

1 suction slot in ramp ahead of entrance 

2 suction d o t  Fn duct floor downstream of entrance 
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A schematic  diagram of the test setup is  shown in   f i gu re  1 and 
views of typical scoops are shown i n  figure 2. Line dravlnge comparing 
the six ECOOP configuratiom are  presented as figure 3; detail8 of tho 
boundary-laye-removal systems are given in figures 4 and 5;  and surface 
ordinates a r e  given i n  tables I and II. 

The min imum m e a  near the entrance of the main duct wa8  25.1 aquare 
inches f o r  configurations I, 11, and III and 24.7 square inches f o r  
configuratima IV, V, and VI. The meamring statim in the  inlet  was 
located in  the diffuser 3 . 4  inches downstream  of the l i p .  The upper 
and lower walls of  the internal   d i f fuser  dlverged at an included angle 
of 60 from the minimum area e ta t ion   t o  an area of 49.7 square incheer at 
the rear measuring s ta t ion  so that an area expansion r a t i o  of about 2 
was provided. 

The internal-flow system (fig. 1) included an axial-flow fan and a 
butterfly-type valve i n  the main duct and in each boundary-layer-removal 
duct t o  permit testing ov0r wide ranges of flow rates.  The quantity of 
internal flow i n  each duct was measured by mans of a calibrated 
venturi. In the final configuration  tested, a part of the boundary- 
layer  suction  flow was not carried  outside  the tunnel but w a s  ducted t o  
ex i t s -  at the sides of the scoop as might be des i rab le   in  an actual 
instal la t ion.  (See figs.  2(d), 2(e), and 5. )  In this case, t he  suction 
flow m e  determined from the reading6 of total-ressure and static- 
pressure  tubes.located  just inside the exits of the bypaee ducting. 
(see fig.  6(e).)- 

Pressures at the entrance  and end af. the diffuser of the main duct 
and at the ends of the  diffumra of the boundary-layer elote were 
measured by means of the rakes of total"pressure and static"presmrrd 
tubes located as sham In figure 6 .  The inlet rake  of the main duct 
x88 aluags removed when measuring pressurea at the end of the  diffuser 
of this  duct. Surface pressure measurements were obtained by the use 
of f lush  orifices.  Boundary-layer surveys  ahead of the inlet were 
conducted using a total-pressure and etatic-pressure probe auspended 
from a rigid frame- above the test section. The total-preaeure  tube h. 
this probe was of 0.OLI.O"Fnch-outside-diameter. tubing (0.002-inch wall 
thickness) flattened ao that the over-all t h i c h e s s  of the front end of 
the tube was 0.012 inch. A micrometer  screw at the  top of the boundary- 
l ayewrobe  support strut  permitted  accurate  poeitioning of t h i s  total- 
pressure  tube with respect to   the  surface of the model. The .etatic- 
pressure tube i n   t h e  probe was, located 1/2 inch above the  total"pre6sure 
tube. Boundary-layer surveys aft of the scoop l i p  were made by the w e  
of rakes of total"pressure and static-reseure  tubes &am i n  
f i v e  2(b) .  

. 
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All preeaure measuremrrts on the model were recorded by phot- 
graphkg a d t i t u b e  manometer. The different ia l  preasures of the 
several venturis and the 8ur-vey-prObe pressures were read visually from 
micromanomters. TuFte were used t o  observe the  direction and s t a b i l i t y  
of the flow. Plexiglaas windcws were inetal led at several points  in 
the ducting t o  f a c i l i t a t e   o b m m t i o n  of the flow within the diffuser. 

Each of' the in l e t  conf3gurations wgs investigate& in conjunction 
w i t h  one or more of the turbulent boundary layers 20 inches ahead of 
the scoop l i p  shown in figure 7. Boundary layer A m a  the boundary 
layer on the groundboard surface  without artificial thickening. 
Boundary layer B, which is  comidered t o  be approximately representative 
of full-ecale  conditione juet ahead of the  wing of a f igh ter  airplane 
i n   t he  high+peed high-dtitude flight condition with regard t o  its 
thiclaess   re la t ive  to   the  inlet   height ,  was obtained by ehellacking a 
9-inch"Wide band of coarse  sand t o  the groundboard surface 40 inches 
ahead of the scoop l ip .  Boundary layer C, whfch was tested t o  determine 
the  effects of locating t h i a  type of inlet in a region of thick boundary 
layer, was obtained by turbulence  rod^ %ransversely on ei ther  
side of the sand e t r i p  used t o  generate boundary layer B. The displace- 
m n t  thiclmessee (E*) of the three boundar;y layers at s ta t ion  4 0  
were 0.073, 0.085, and 0.169 inch in alphabetical order. The corre- 
spondFng shape p a r w . t e r e  (.t = y) were 1.36, 1.29, and 1.24, as 

cmpared t o  the value of 1.286 for the ---parer variation. 1 
7 

All t e s t s  w e r e  conducted at a tunnel meed of about 100 feet  per 
second which corresponds t o  a Reynolds nmiber of approximately 1.4 x 105 
based on the  inlet  height. 

The quantity of boundary-layer suction fLow usually is expreesed i n  

the  present paper in terma of the suction4low  coefficient CQ = - 
Vo6*b' 

This coefficient has physical  significance in that it i e  the r a t i o  of  
the  quantity of flow  entering  the  suction d o t  t o  the quantity of flow 
displaced by the boundary layer at s ta t ion  4 0  over a transverse  distance 
equal t o  the suc t io lwlo t  epan b. The value of this coefficient  required 
to   obtain a given total-resaure  recdvery in the mafn duct would be 
expected tQ remain nearly  constant over a broad range of initial boundary- 
layer  thicknsss. The r a t i o  of the quantity of suction flow t o  the flaw 
quantity of the main duct may be readily determined by converting the 

Qs 
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form o f  f low coefficient from Cg t o  the equivalent value of Cq = - 
by w e  of figure 8. For an inlet-velocity  ratio of unity, the value 
of Cq gives the flow r a t i o  as/% directly; f o r  otlvsr Met-veloci ty  

r a t io s  - Qs - - -. . .. . .  

Qa 
AiVo 

.. 

Qd VIP, - .” 

All results discmsed are  those  obtahed  with initial boundarg 
lager B ( f ig .  7) unles8 otherwise noted, Ih the case of arrangements us- two boundary-layer suction slot8 in tandem, the downstream slot 
always was faired ouk if a suctiou-flow coefficient i s  given for  the 
upstream s lo t  anly. 

Study of Basic Inlet without Suction 

Flow along ramp and duct  bottan.-  Static-ressure  distributians 
along the  center line of the ra.urp and duct bottom of slOtlesS configw 
ra t ion  I ( f igs .  2(a) and 3)  a r e  shard In figur8 g(a). The negative 
pressure peak i n  t h e . r e g i m  of eubetraam weemre required to turn the 
flow ahead of the entrance  occurred. about 4 inlet heighte- ahead of the 
scoop l i p .  TUB negative preesure pe.+ Gcreaeed in vaiue from -0.15% 
t o  -0.3Os, and moved s l igh t ly  aft, as the Inle”-velocity rat fo m a  
increased from 0.31 t o  1.54. Duwn8tre~.of  thls negat ive preesure peak 
the  surface  preseure increased t o  a point 11 t o  2 inlet  heights ahead * 

”. 
” 

. .  ” - . -. 

2 
of the scoop l l p  as the flow diff ueed along the ramp and then changed 
rapidly to the entrance pressure which m e  determined by the inlet- 
velocity  ratio,  the  inlet”ve1ocity  distribution, and the  total“pressure 
losees ahead of the inlet. 

Static-preseure  diatributiorm in the v “ e g  approaching the lnnsr 
corner of the in l e t  and along the edge of the  dimple a r e  presented in  
figures l O ( a )  and =(a),  respectively. In each cam,  the negative 
preaeura peak near the  crest  of the  ramp off the.center  line never 
exceeded that at the ramp center  line. The- preasures i n  the valley near 
stat ion 0 were much  more negative at the higher i n l e k e l o c i t y   r a t i o 8  
than those at the ramp .center line became of the large fnduced 
velaci t ies  at the inner side of the scoop l i p .  (See f ig .  12(a).) 

A t  inlet-lvelocitg  ratios below about 0.5, tuft observations shared 
that the boundary layer on the approach rAmp separated ahead of the 
inlet s a m e w h a t  downatream of the s ta t im where the surface preeeure 

vi dietr lbut iona  f la t ten out,. dletributian for v, = 0.31, fig. 1 

A s  the inlet”ve1ocity  ratio was increased, 

.c 
the paint af eeparation 
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moved progressively dmimtreain  and passed the- measur- atat ion at the 
end of the  diffuser at 89 inlet-velocity  ratio of about 1.0. The flow 
i n t o  the inner corner of the in l e t  was observed t o  be appreciably 
rougher than the entering flow at the center line. Tuft obsemationa 

. ahowed that th is  roughness WELB cawed mainly by acme of the boundary 
layer outsfde the epari of the inlet flaring dawn the approach valley 
and entering  the inlet =&her than passing outboard through the  gutter 
8.8 W&S desired. 

The bounda;ry"layer thiclmees a t  the center line of the entrance 
measuring s ta t ion  decrearred rapidly with increases in i n l e t v e l o c i t y  
r a t i o  as the point of initial flow s e p r a t i o n  moved dawnatream alang 
the ramp and duct bottom, figure I3(a). A n  inlet-velocity  ratio 
greater than -0.6 was required to obtain an H' d u e  as l o w  as 2.6, 
the approximate upper l imit ing value for meparated flow. (See 
reference 5 . ) 

TOtal-pTeBSure reamerg,- The average  total-preseure  recovery at 
the entrance msamuAng station increased r a p i a y  with -Fnlet--velocity 

r a t i o  f r o m  0. 67q0 at - vi - - 0.26 t o  O.w0 at 3 = 0.75, as the 

ramp boundary layer  thinned ragi-, and then increased more elowly 

to 0.92% at 3 = 1.54. (See f ig .   l4(a) . )  The average total-  

pressure  recovery a t   t he  end of the diffuaer llkewiee increased fram a 
value of 0.33q0 at an Met"ve1oci ty   ra t io  of 0.26 t o  a vdue 
of 0. 83q0 at an Fnlet.-mlocity ratio of about 1.1, but  then dropped 
off again with further  increase8 in inlet-velocity r a t i o  because of an 
increase in the diffber losees. 

TO T O  

TO 

External. flow.- The surface pressures at the edge of the d-le 
aft of the SCOOP l i p   ( f i g .  l l (a))  generally kre more negative than the 
surface pressures. in the intersection of the scoop l i p  with the gutter 
f loor  (fig. 12(a)). AB a result, the boundary layer on the   f loor  of 
the gutter tended t-0 flow -&ward m e r  the edge of ;the gutter at all 
inlet-velocity ratios. 

Tuft observation8 showed that the approaching flow was approxi- 
mately dined with the base, topcenter-l ine,  and t o w o r n e r  sections 
of the SCOOP l i p  at inlet-.velocity ratios of the order of 0.5. A t  
higher  inlet-velocity  ratios, the flow approached these  'eections from 
the outsids a t  an ang le  which increased gradually w3th increases in 
the inlet -veloci ty  ra t io .  The top  portion of the SCOOP l i p ,  figure 3(a), 
W&B w e l l  suited to this flow pattern since it Fncorporated  reverse 
camber and a thick internal fairing. 
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Comparison of Arrangements Util izing .. 
Boundary-Iayer Control . 

Inaamuch as the. internaJ"f1ow pressure  recoveries  obtained with 
configuratism I were undesirably low, a study of arrangemente ut i l iz ing  
boundary-layer suction t o  obtain  increased pressure recovery wae 
undertaken. 

Configurations II and II1.- In configuration II, a flush euc-Lion 
s l o t  ahaped in accordance with the  principles of reference 6 was in- 
&aLled in the approach ramg 3 .82  inches (1.40 in l e t  heights) ahead of 

t r a t ed  in  figure 2( a) and had a Kidth of 0.187 inch and a span of 
I L n ~ h 0 8  compared to  the  entrance width of 10 inches. The location of 
the  suction slot corresponda  approximately t o   t h e  most forward separation 

point observed for elotless configuration I far . - = 0.4. 

the scoop l i p .  This slot ( f igs .  3 and 4) X&S SFmilm t o  that UlW- 

v i  
VO 

. ." 

" 

The original vereion of configuration III, figure  2(a) was identical  
t o  that for  crmfiguration 11 except that the  suction Blot w m  located 
5 inchee (1.83 inlet   heights) ahead of the scoop lip. In the courae of 
preliminary  teats, however, it was found necesearg t o  relieve the central 
portion of the ramp ahead of t h i e  slot and t o  extend the center of this 
s l o t  l i p  f o m d  t o  5.2 inches (1.90 in l e t  heights) ahead of s ta t ion  0 
(thus providing a submerged 8cooptype slot at the  center line) in order 
t o  obtain reasonable spanwise uniformity of the suction flow at the lower 
suction-flow coefficients. (See. figs. 2(b), 3, and 4.) A t  the eame time, 
the span of thie   . s lot  was reduced t o  12.24 inches inasmuch as thie small 
reduction i n  span had no measurable effect  on the inlet  flow, and the 
gutter was deepened a mall amounk (fig. 3) in a.n attempt t o  Fmprove the 
flow into  the  cornere of the inlet. The caniber of the scoop l i p  also 
was increased  positively (fig. 3(a)) t o  Uaw for   the change in flow 
direction a t  the lip tha t  was observed t o  occur  when bounaary"layer 
control was applied t o  the ramp. 

" 

The application of boundaq-layer euction t o  the approach  raqp 
caused large increases in etatic  pressure and large decreases in b m w y -  
layer dieplacement  thicknesa damEltream of the suction  slot  at the loirer 
fnlbt-velocitg  ratios.  (Coware results for  configurations I and III, 
f igs .  9 and 13(b).) In  both  configurations I1 and 111, a suctim-flow 
coefficient of about 0.7 waa required t o  obtain a reasonably  uniform 
flow i n t g  the suction s lo t .  As illustrated for  configuration I11 Fn 
f i g w e  15(a), a suctim-flow  coefffcient of 0.8 caused b r g e  increases' 
in the average total-pressure  recovery at the end, of the diffmer 
cnmpared to the recweriee for 810tl08S conf$guration I (about O.lq, I 

at a t5pical htgh+peed inlet"ve1ocity ratio of 0.6). Abwe th i e  value, 

-~ 

.. 
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the  average total-ressure recoverie-8 a t  the i n l e t  and end of the 
diffuser continued t o  increase with further increases in suction"f1ou 
coefficie&, but at a decreasing rate .  Doubling the suction-flow  coef- 
f ic ien t  produced an a d d i t i o n a l  increase of only about 0.03q0 at the 

end of the diffwer at 5 = 0.6; however, the minimum inlet"ve1ocfty 

ratio f o r  the s)une total-pressure  recovery w a s  reduced to about 0.48. 
The increases i n  total-pressure  recovery  obtained by use of the suction 
were large at the lower inlet-velocity  ratios,  but were small at id&- 
velocity ratios of  1.0 and grea te r   for  which the  entering boundaq layer 
for slotless  configuration I was already thin &d unseparated. (See 
f ig .   l3 (a) . )  It is noted that the total-presmre  recoveries given f o r  
the   in le t  of  confTguration 111 at Fnlet-veloctty r a t io s  above 1.0, 
which are shown t o  be less than  those  for  slotless  configuration I i n  
some cases, are believed to be lower than the  true values. 

. T O  

A t  the ma~clmum auctkn+flow  coeff ic ients   invedikted (1.5 f o r  
configuration =.and 1.6 f o r  configuration III) the average t o t d -  
pressure recoveries at the   i n l e t s  of configuratiolle II and III w e r e  
about equal. (See f ig .   14(a) , )  The average total-pressure recoveries 
at the end of the diffuser of configuration. were-aamewihat larger 

than those for configuration fI (...4., at 3 = 0-6,). It is believed 
VO 

that the lower recavery  for  configmation II resulted from a break in 
the duct floor at station 0.51 {fig. 3(a))  which may have caused  flow 
separation;  thia  break was faired out with a larger radius in c o n f i e  
r a t i o  III. The new equality of the entrance total"pressure  recoveries 
shows that the two suction slots were about equallg effective and that 
the  pressur+recovery  characteristics of this type of inlet are not 
c r i t i ca l ly   s ens i t i ve   t o  small variations in  suct iarwlot   locat ion,  

Tuf't observatiom of canfiguratiane I I  and IlI showed that neither 
suct ion  s lot  was effective in eliminating the flow roughness at the 
inner  corners O f  the in l e t  which had been observed in the flow studies 
of' configuration I, In each case some of the boundary layer  outboard 
of the slot ends was drawn i n t o  the s lo t .  Some of the boundary layer 
st i l l  further outboard  then  flowed into  the ramp and entered  the  inlet. 
Additional  arrangements were investigated, therefore, to determine if 
the rough f low into the corner of the  inlet   could be e l h l n a t e d  by 
changes in the ecoop configuration. Inasmuch a6 the average total- 
pressure  recoveries measured In the suctfon  lots after diffusion, 
figures 16(a) and l6 (d) ,  w e r e  undesirably low, all succeeding suction 
slots were designed for 1-r slot inlet-velocity  ratioe.  Raised 
scoop4ype d o t s  were used in most cases in an attempt t o  rscover a 
larger  percentage of the-dynamic pressure in the boundarf-layer flow. 
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Confirnat ion n.- ~h configmation m, f igurea  2(c), 3, and 4, 
the  point of divergence of the f rom the basic. f u e l a g e  contour was 
varried in the transveree  direction f r a m  the origiaal   posit ion at the 
center line t o  about half the original distance ahead of .the entrance 
at the enk of the B C O O ~ .  As shown in figure 2(c) the divergence of 
the  crest  1Fnes of . the revieed d-le was sFmilar in shape to the 
divergence of the rang walls of the submerged i n l e t  of references 2 
and 3 .  The present arrangement differed greatly from this submerged 
M e t ,  however, in that the surface was srtioothly faired at all points 
and tha t  the divergence terminated at the edges of the original -le , 

outboard of the scoop ends rather than at the scoop ends themselves. . 

It w a s  hoped that this change i n  ml.0 ~hage would provi.de tramverse . 
gradients 'between the positive  preesuree at the center ljne of the ramp 
and the  negative  pressures dong the ramp cres t  lines ahead of the scoop 
ends large enough t o   c a w e  most of the ramp bounclary layer t o  flow around 
the ends of the scoop at low inlet -mloci tg   ra t ios .  

. 

With boundary layer A, the average  total-reseure  recovery measured 
at the end of the dFffuser of configuration I T  rLth a s u c t i m f l w  Goof- 
f ic ien t  of 1.7 was hi&er than that for canfiguration I11 with a euction- 
flow  coefficient of 1.6 at inlet--velocitg  ratios below 0.7. (See upper 
graph of fig. 14(b).) Tuft observations at and below this value of 
in le t -mloc i ty   ra t io  showed that the flow separated fr.m the dimple 
crest  3 to 5 inches on each side of the center line and that strong 
vortices  originated at. the points o f  flow separation. These vortices, 
which were similar t o  thoae observed for   the  NACA submerged inlet  
(reference 3 ) ,  entrained bxge mounts of ,boundary layer From the ramp 
floor, passed down. the -gutters, , . e . t h e n -  driq-ed outboard into the flow 
above the  fuselage surface. It W&B found possible to- fair over -the outer- 
quartere of the  suction slot (thereby reducing the  oveY"4.l suction 
quantity by one-half)  without affecting the pressure recovery at the end 
of the dlffueer. 

- r. 

. 

m 
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The total-pressure rec-overy for configuration. IV W&E lese than that 
for configuration UI in the higher range of Fnlst"ve1ocity ra t io ,  
figure 14(b) .  Alao it appeared that the vo~.$ces  shed at. low inlet- 
velocity  ratioa might caum k r g e  incrementa in pressure drag on the aft 

'portions of the  fuselage and wing in the high-speed flight condition. 
The drag of these  vortices  could not be evaluated. in the present s e t u p i  
further  .investigation of t h i e  arrangement was therefore  discontinued 
pending the obtainance af drag data in future ccmplete+nodel tes t s .  - 

Configuration v.- ~n configuration Y (figs.  2(d), 2(e), 3, and 4 )  
the  ends of the scoop were slanted forward t o  the l i p  of a raised 
scoop;ty-pe bomdaq-layer slat which V ~ B  lang enough t o  extend into the 
gut ters   s l ight ly  outboard of these ecoop l i p  exteneions. This  suction- 
slot was located 3.81 inchea (1.39 inlet- heights) ahead of e ta t ian  0 
and had an inlet height of 0.35 inch and a E P ~  of ll. 88 inches. A 

. .  
1 

" 

" - 
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second suction el& ins ta l led   in   the  duct f loor  3.09 inches (1.13 in l e t  
heights) downstream of s ta t ion  0 a l s o  was investigated t o  see i f  
additional boundmy-hpr removal at this point would f ie ld  major gains 
i n  pressure  recovery at the lmer inlet-velocity  ratios. This second 
s l o t  (f igs.   2(e) and 3(a))  was a flush scoo-gpe s l o t  and had a height 
of 0.22 inch over tLe f loor  of the  duct. The height of the slot tapered 
t o  0.1 inch at the tops of the O.>inch-radius f i l lets in the bottom 
corners of the duct. 

/-- 

Most of the  gutters aft of the scoop l i p  extensions were fa i red out. 
This partial fair- out of the gutters increaged  the amount of gutter 
boundary layer flowing over t he   s coq  l i p  extensions into the   inlet .  It 
was conaidered  desirable, however, because it provided amooth flow out- 
board of the scoop ends and greatly reduced the amount of fuelage 
surface distor ted by the  scoop Inatallation. The tendency of  the gutter 
boundary layer t o  flaw outward over the edge of the dirnple was eliminated 
apparently because of the changes in the &ace pressures along the edge 
of the dimple r e l a t i v e   t o  the surface pressures at the base of the scoop 
l i p .  (See fige.  11, 12(a), and 12(b).) 

Use of the ra i sed  ecoopty-pe suction slot increased  the  surface 
pressures on the ramp ahead of the slot a enal l  aslount over those 
observed for the arrangements w i t h  flush suction  slots. ( C q p a r e  
f ig .  g(b)  w i t h  f ig .  9(c)  and f ig .  10(b)  with fig. 1O(c).) H m v e r ,  a 
static-pressure peak existed on,the l i p  of t h i s  slot f o r  mos t  operating 
conditions,  figures  g(c) and ~ o ( c ) .  m s  ty-pe of pressure peak is 
chazacteristic of raised scooptype slots operating at low value of s lo t  
inlet-velocity r a t io ,  but doee not  occur in the  case of fluah s lo ts ,  
figures g(b) and 10(b). The boundary-lapr-displacement t h i c h e s e   a t  
the  center line of the entrance was s l igh t ly   g rea te r  at 8 typical hie 
speed i n l e t q e l o c i t y   r a t i o  of 0.52 than  those  for  configurations I1 
and III, probably  because of the  presence of thie  pressure peak, 
figure 13(b) . 

Tuft o b s e r v a t i m  showed that the flow i n t o  the  corners of the   in le t  
of configuration V m a  much smoother than that f o r  Configuration III. 
This improvement in the flow approximately campenaated for the  increased 
thickness of the boundary layer  entering the  center  portion of the   in le t .  
A t  camparable  suction-flaw coefficients, the average  total-ressure 
recoveries  for  configuration V ui th  o n l y  the ramp mctibn s l o t  operating 
were s l igh t ly  higher than those f o r  configuration III at i d e k e l o c i t y  
ra t ioe  above 0.7 and samewhat lower than  thoae f o r  configuration ITI 
at inlet-velocity  ratios below 0 .7, figure  14(a).  

Operation of the second suction s l o t  in  conjunction with the ramp 
slot caused a further increase in the  static  preseures downatham of 
the second slot (compare f igs .  g ( c )  and g(d))  and an appreciable  increase 
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i n  average  total-resaure  recovery at the end of the diffueer over most 
of the t e s t  range of inlet"ve1ocity  ratio,  figure 14(c). Total+reesure 

recoveries measured at the end of the diffuser at - vi - - 0.52 are pre- 

sented in  figure 17 a8 a -tion of the suction-flow  coefficients of 
the r and eecond s lots .  An examination of the- l ines  of co- 
s tant7cQ1 + cQ2) supertmpoged on tuls plot shows.. that _the t o t d -  " 

pressure recovery w+ e s s e e i a l l y  independent af the distribution of 
suction between the two slats so long as the i%m$ tilo+i .wiie- operating at 
a euction-flow coefficient greater t&m about 1.4, apparently  tho 
minimum value  required t o  prevent f l o w  sepetratioq betweep the two elote. 
This  inaenaitivity of the  total-reseure  recovery t o  t h e  dietribution of 
auction between the two slots  prevailed over..no& o f  the-Wet-velocity- 
r a t i o  range. (See f i g .  14(c).) Thus, for a glven mition  quantity,  no 
gain in effectivenese of the  boundarg-lapr removal eystem -8 obtained 
by the addition of the second slot. 

T O  

. 

. " 

. . . ". 

The average  total-preasure  recoveries in the ramp suction  slot of 
configurat ionv  (af ter  an area expamion of 2.:1) at a auction-flow coef- 
f ic ien t  of 1.7 were about 0.11% greater than those far config.+ 
rat ion 111 at a suction-flow  coefficient of 1.6 over the .en t i re   t es t  
range of . id-et---eloci ty   ra t io ,   f igure  16(d) .  ~ h e s e  totd+reasure 
recoveries were not changed t o  a major extercb by large incroaees in 
suction-flow coefficfent or by-operation of the second slot, 
figure  16(b). 

With a suction-flow  coefficient of 1.7 into the ramp s lo t ,  the 
total-preeeure  recovery  in  the second suction  slot  of canfiguratlon V 
(also after an axe8 expansion of 2:l) was much higher at' a suction-flow 
coefficient of 0.9 than that f a r  the ramp s lo t  in the high-peed range 
of inlet-veloci ty   ra t io  (ccmpaze f igs .  16( a) and 16(e)).  he t o t d -  
pressure recovery in  the second s l o t  decreased rapidly, however, with 
imreaees in auction  coefflclent and with increases in fnlet-velocity 
ra t io .  In all caws,  the total-pressure  recovery became negative at 
inlet-velocity  ratios above about 1.2. The rapid decrease of the total- 
pressure recovery af the second d o t  with incrsaelng inlet-rrelocity  ratio 
wa8 caused  apparently by the  slot being  located in a region where the 
s t a t i c  pressure decreased  rapidly w i t h  increases in Wet-velocity 
ra t io ,  figure g(a) . 

I n a m c h  as the average t o t a l q e s s u r e  recovery at the end of the 
diffuser of configuration V was about the atme as that fo r  configu- 
ration III, configuration V i s  considered t o  be def ini te ly  preferable 
t o  configuration 111 because of:  (1) the   mch greater preaaure recovery 
in the suction flow of the r a q  d o t   a f t e r  diffusion; (2) the greater 
amoothness of the external flow; and ( 3 )  the .reduced distortion of the 

" . 
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fmelage surface. The we of'the aecond suction s l o t  of configuration V 
is not co imiwed deSirabl8, however, because: (1) the gain i n  t o t a l -  
pressure  recovery  obtained by i ts  me i a  no greater than that obtained 
by increasing the suction  quantity of the m p  slot as equal amount; 
and (2) the  total-reasme  recovery in the  suction f l ~  enbering th i s  
s l o t  b e C 0 ~ ~ 8   n e e t i v e  o r  undesirably low at the  higher  inlet-velocity 
ratios which are encountered in talre-off and climbing flight . ' 

Confirnat ion VI.- A totd-presaure recovery a t  the end of the 
diffuser of Q.gq, i e  usually comidered t o  be the minimum value 
acceptable f o r  modern turbojet afrcraf% in the high-epeed and cruise 
flight conditions. The reeults. for configuration V show that suction 
quantit ies of 15 t o  25 percen€ of the entering flow were requfred t o  
obtain this value in the high+peed range of inlet-velocity ra t io .  
Only 5 t o  10 percent of the air .flaw to the engine is requrfred uauallr 
for engine and tail+pipe  cooling. The problem of e f f ic ien t iy  handling 
and disposing  the  suction flaw i n  excess of the amount required for 
cooUng therefore arises i n .  the process of applying  canfiguration V t o  
an actual airplane. 

It appeared that a poasible  solution to this pro'blem w o u l d  be an 
arrangement in which all or  part of thk ~ n d i m  flaw entering'the ranq! 
slot is bypassed to the fuselage surface as close as possible t o  t4e  
s l o t  i n l e t  as was done f o r  a protruded scoop in reference 7. This type 
of arrangement was imeBtigated in  configuration VI (f igs .  2 to 4), 
which waa exactly the same as configuration B except f o r  the ducting 
and exits of the ramp Buction alot (fig.  5). 

The suc t ion4low coefficient  provided by the bypaas, figure l-8, 
varied f r o m  a maximum of 1.97 at the lowest inlet"ve1ocity  ratfo 
of 0.31 t o  a minlmm of 0.8 at the  highest  inlet"velocitg r a t i o  of 1.54. 
This decrease in suction"fluw coefficient with increasing inlet-  
veloci ty   ra t io  was cawed maWy by the corresponding  decrease af s t a t i c  
pressure Fn the region of the d o t  inlet .  (See f ig .  9.)  

A8 shown by a comparison w i t h  the results for configuration V f o r  
a constant suctio-flow cbeff ic ient  af 1.7, figure 14(d),  the effect of  
the variable suction flow pravided by the by-pass of configuration V I  was 
t o  increase  the  average  total-pressure  recoveries at the lower inlet- 
velocity ratios and to decrease  these  recoveries at the higher Met- 
Velocity ratios. The mdmum totd-greesure  recoverg at the end of the 

'diffuser of configuration VT was about 0.03% greater than €hat f o r  
configurationV although the suction coefflcienta were nearly the same 
for the two &rrangemlrte at the inlet--velocity r a t i o  correapondfng t o  
peak recovery for configuration BI. It was found that the pressure 
recoveries obtalned with canfigmatton V I  were consistently hfgher than 
those  for  configuration V at equaI suction-flow  coefffcients. This 
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difference may have been caused by a d i e s ~ ~ ~ ~ n e t r y  in  the suction flow 
entering  the ramp s lo t  of canfiguration VI. Tuft observation8 8hared 
that appreciably more flow entered:  the o d e r  quarters of the slot than 
entered in the  centra1 half. 

The peak total-pressure  recovery at the end of the diff’user of 
configuration VI with only the rang suction  slot  operating was 0.g05q0 
a B  compared t o  0.83q0 f o r  slotless configuration I, and the  euction 
shifted the Fnlet-velocity  ratio  for peak pressure  recovery from 1.1 for 
configuration I t o  about 0.83 for  configuration VT. (See f ig .   15(c) . )  
A t  this inlet-velocity  ratio  the+suctioI+flow  coefficient f o r  config” 
rat ion VI w a s  about 1.66 (f ig .  18) o r  about 8 percent of the entering 
flow (f ig .  8). 

The total-pressure  recovery at the  exi t  of the bypass ducting of 
configuration VI, - f i g u r e   1 6 ( ~ ) ,   m e  only 0.10% t o  0.18qo over the 
test range of inlet+velmity  ra t io;  thm, on the basis of the results 
for  configuration V, f ig .  16(b), the loeaes in the additional  ducting 
used in t h i e  arrangement amounted to about 0.15%. This lose is 
regarded as exceesive. It probably  could be reduced  ’appreciably by 
more careful  design of the byp88 ducting.. 

Performance of Configurations V asd VI 

with Boundary Layer B 

Conf‘iguraticma V and VI are considered t o  be the  most deeirable 
arrangements investigated. The r e s u l t s  obtained a t h  these arrangement8 
are summarized in this section of the paper and are analyzed t o  indicate 
the optimum design  conditions and the  benefitB  obtained  through  the w e  
of.boundarg“lager  control. At the present tims, the eve-1 performance 
of these in l e t s  cannot  be campared with t he  a v e d  performance of other 
types of fuselage scocrgs and wing-root i n l e t s  because  cmprehensive 
e x t e r n a l 4 r a g  data are  not available  either for the present  inlets  or 
f o r  any other i n l e t  of thie .gensral   c lass .  

Total-gressure recovery.- The average  total-preeeure  recoveriee in 
the main ducts and boundary-layer removal system of configuratiom V 
and VI are  summarized i n  figures l3(b), 15(c), and 16. A 8  previouely 
noted,  the use or the .second Blot  inside the inlet ie not cansidered ’ 

desirable because- of the l o w  tctal-pressure recovery i n  the mction 
flow entering  thie slot at the higher  inlet”ve1ocitg ratios. However, 
it has been ehown also that the total-presaure recovery at the end of 
the  diffuser of the main duct waa eesentially independent of the 
dfstribution of suction between the ramp and aecond slots so long a8 
the ramp slot was operating at a suction-flow coefficient  greater than 



about 1.4. Thw, the t o t a l ~ m e e u r e  recmer ies   a t  the en& of the 
mir+duct  diffusers of the tw-lot versione of c d i g u r a t i b n e  V and VI, 
given in   f igures  l5(b) and 15(c),  Furnish ah acceptably accurate . 

indication of the totai"preesure recoveries that would be  obtained at 
the end of the   d i f fmers  of the single-slat Tersiona of these c o n f i e  
r a t  ions at suct ion- f la r  c o e ~ i c i e n t s  greatlg exceeding the 
values  inveetigated. 

It i e  noted Fn figure 15 that when sufficient suction flow was 
provided to   obtain a peak to ta l -pressure   recmeq at the end of the 
diffuser of 0.- or greater, the total-ressure recovery at this 
point remained above o .&qo over a range of i d e t - v e l o c i t y   r a t i o  
broad enough t o  cover  the more Fmpartant fl ight conditione. It also 
1s noted in figure 15 that the peak total+ressure recovery a t  the end 
of the  diffuser ylth the maxhnnu suct ioelow  coeff ic ient   inveet igated 
w a ~  - lower than that which would be obtained by a  well"de8igued nose 
in le t  even wi%hout boundary-layer ccmtrol. The use of the  present ty-pe 
of inlet  can be just i f ied,  therefore, only  an the basis of  a  design 
copprCanise. 

The o v e W . i n d u c t i o n  losees measured at the end of the 
diffuser of c d i g u r a t i o n  V a t  an Inlet-velocity r a t i o  of 
i n f i n i t y  (VI = 100 ft/sec, V, = 0) are  presented BB a function 
of the in le t  dynamic pressure i n  the following table: 

Condition % - %  
Qi 

Both s l o t s  sealed and fa i red  

Both slots vented to room pressure 

0 0033 

.034 

Q1 Q2 
Qd Qa 

0.066; - = 0.032 - =  .036 
& - 

These s a  tnduction loasea indicate that an a u x i l i a q  M e t  (or  " I I ~ W -  
in door" ) would not be required t o  increase  the t-ff thrust of a Jet 
airplane rxt i l iz ing .  thia. t y p  of air W e t .  

Diffusion  effectfveness-- The atatic-preeeure  recovery at the end 
of the diffuser, figure 19, i s  the lower Lfmit. of the  total-preseure 
recovery that would be obtained after any additional amount of diffusion 
and also is a direct  measure of the o v e d l  diffusion  effectfvenese of 
the Fnlet-diffuaer combination. As  ehown in this figure,   the  static- 
pressure  recovery f o r  slotles~ configuration I wa.8 0.4s, t o  0.5% leea 
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than the theoretical   value  for W o r m  f r ic t ion less  flow, the differences 
being  chargeable t o  the total-ressure losses and the noIIuniformity of 
the flow at the meae ing   s t a t ion .  The effectiveneee of bowdary-layer 
suctick i n  Increasing  the over-all diffusion  effecGiveness is sham by 
the large increases lp etatic-pressure  recovery  obtained by the 
application of suction. A total   suction  coefficient (a, + CQ of 2.6 
provided a gain i n  8tatic“pressure recovery  throughout the high-speed 
range of  Fnlet”ve1ocity r a t i o  equal t o  about one- o f  the aifferencea 
between the values fo r  slotless configuratlon.1 and the  ideal valuee 
which a r e  approached closely by a well-designed noae in le t .  

Velocity distributions in internal  flow.- Representative didxi- 
butiona of the flow v e l w i t s  at the inlet a& end-of-the-diffwer . 
measuring stat ions of configUrat,ion v are presented in  figures 20(a) 
and 20(b),  reepectively. As previouely noted, the inlet measuring 
station  actually was located  in  the diffueer after appreciable area 
expansion; hence. the veloci ty   ra t ios  @Pen fo r  this s ta t ion  are lower 
than those f o r  the minimm area station of the entrance on which the 
naminal inlet-velocity  ratios were based. With a n  i n l eMeloc i ty   r a t io  
of .0.52 and a euction-flow coefficient of 1.7, the flar-velocity 
dis t r ibut iom at both stationer wwre very nonuniform, mainly became of 
the  thick residual boundaq  hyer  entering along the ramp. (See 
f ig .  13( b ) . ) I m m h  as the  entering boundary layer thlIlned rapidly 
with increaBing in l e t -mloc i ty   r a t io   ( fo r  e-le, see fig. l3( a) ), the 
f l o w  diatr ibut iom became appreciabl more uniform as the FnLet”ve1ocity 
r a t i o  w a s  increased t o  1.03 (f ig .  20s. The hprovement in uniformity 
of the flow dist r ibut ion caused by increasing the inlet velocity from 
0.52’ t o   1 . 0 3 . x ~ t ~ - m ~ c h . g ~ & t e r  than that obtained at an inlet-velocity 
r a t i o  of  0.52-by  increasirq  the euction-flow coefficient from 1.7 
t o  2.6, f o r  which the jmprovement in flow uniformity was negligible. 
It appears that a prohibitively high suct ion”f1aw coefficient would bo - 

required to obtain a ne-iform velocity distribution at the end of 
the diffuser at low inlet-pelocity  ratioe. 

E x t e r n a l  *a&- Boundary-lager surveys were conducted at 
s ta t ion  8.0 both before asd after ins ta l la t ion  of the ecoope. Section 
wake-drag increments for configurations V and V I  calculated fram these 
meaeurementa a r e  presented in  figure 21. In each case, f u t a l l a t i o n  
of the ecoop reduced the drag over the man of , the  entrance and 
increased the drag at the spanwise location of the  gutter. The increase 
i n  drag behind the  gutter of canfiguration VI w w  much greater than for  
configuration V .becaude of &he low energy air  flowing out of the bypaes 
exit of configuration-VI JUrrt ahead of the meaaurin@; station. 

,The sectioIxmke-drag  increment8 of figure 2l were integrated in  
the spanwise direction t o  obtain  .the me-1 incremente i n  wake  drag 
at etation 8 cauaed by ins ta l la t ion  of these two-scoops. A 8  sham by 

- 
. .  - .. 

I 



NACA RM L50Al3 19 

the   l a res t  curve Qf figure 22, t he  installation of scoop configuration V 
reduced the wahe drag at s ta t ion  8 t h r o d o u t   t h e  test range of Met- 
velocity r a t io .  L a t a l l a t i o n  of scoop configuration VI also reduced 
the wake drag at statim 8 f o r  inlet-velocity  ratios above 1.0, but 
increased the w a k ~  drag by a emall ammt i n   t h e  high+peed range of 
inlet-elocitg ra t io .  InasmLzch aa the wake drag of configuration V was 
essentially  unaffected by suction  quantity,  consideration of the effects  
of suction  quantity on the f r i c t i o n  drag of the fuselage would not 
appear  necessary in the  determination of the optimum suction  quantity. 

The increment in external  drag caused by ins ta l la t ion  of the scoop 
in the  basic body i s  cansidered t o  be the sum of the change i n  body 
f r i c t ion  drag and the d r a g  of the  suction flow. In order t o  obtain an 
indication of the external  drag increment  chargeable t o  scoop  configu- 
ra t ion V, the drag equivalent of the suction flow of this arrangement, 
calculated frcan the suctior+floV quantity and the  total-ressure 
recovery in the suc t ion  flow mer diffusion, was added t o  t he   f r i c t ion -  
drag increment cletermined from the wake aurveys at station 8 t o  obtain 
the two corrected  draehcrement curves given in figure 22. Ln the 
case of configuration IV, no correction m s  necessary because the 
surveys at s ta t ion  8 covered the wakes of the by-paes ex€ts as w e l l  as 
the wake of the scoop. The external  drag increments for configuration V 
obviously are  slightly lower than the values which would be obtained if 
a s m a l l  addi t iona l  total-ressure loss of 0.1% or less was assumed t o  
occur in the  suction  ducting between the neasurbq station and the duct 
exi t .  The external  drag incremnts f o r  configuration VI also a r e  
slightly  higher  than  the salues which would be obtained if the by-gass 
ducting of this arrangement w a ~  redesigned t o  reduce the previously 
noted excessive  ducting rosE of about 0.15%. 

The ex tema l~ag- ipc remr l t  data of figure 22 indicate that 
ins ta l la t ion  of an air scoop of this type i n  a region of comparable 
boundary-layer t h i c h e s s  w i l l  not  increaae t h e  external drag mor tan t ly  
above an inlet-velocity r a t i o  of about 0.5, provided that the suction- 
flow coefficient is less than about 2.0 asd prwvided that the bypass 
ex i t s  are  properly  located so that they do not  upset the flow i n  a 
c r i t i c a l  region such 88 the  uing-fuselage juncture. This canclueion is 
applicable only t o  subcr i t ica l  Mach numbers. Further research is 
required t o  establish  the drag and. other performance characteriEFtica of 
this type of W e t  at supercr i t ical  Mach numbers. 

Cr i t ica l  Mach rider .- Representative s w f B c e  pressure measurements 
f o r  canfiguration V are given in figures 9 t o  12. Cri t ica l  M&ch nunibers, 
figure 23, were predicted from these and similar masuremente by mea 
of the Von K&J& relation (reference 8). This relation is s t r i c t l y  
applicable only t o  the two-dimensional case; however, results reported 
in  reference 3 f o r  nose inlets show that th ie   re la t ion  also is reasonably 
accurate f o r  the t h r e a n s i o n a l  case so 10% as t h e   c r i t i c a l  Mach 
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nurtiber is not predicted fram a ahasp local p r e a m e  peak. The values 
given are  uncaneervative i n  that the induced veloci t ies  due t o  the 
fuselage, wing, and 80 forth,  were not sbnulated In-the t e a t  setup. 
The results of reference 9, however, a l a o  show that the actual  critic&-. 
Mach number is appeciably higher than   the   c r i t i ca l  Mach number predictod 
from low-speed pressure measuremanta and that a further margin of the 
order of 0.05 exiets between the act-ual c r i t i c a l  Mach number and the 
force-break Mach nuniber. SFmiLar resul te  have been obieriied i n  numerous 
airfoil and w i n g  investigations. 1% i a  believed that theae effecte 
approximately  counterbalance  the  unconaervatiam of the preseure 
masuremsnts so that PO loases ip pressure recavery or drag rises duo 
t o  shocka would occur at flight Mach numbera below the values preeented. 

The predlcted  cr i t ical  Mach nunibera of configuration V were not 
affected importantly by variatione ia. suction  quantity. (Compare parte 
(a) and (b) of‘ f ig .  23.) The c r i t i c a l  Mash number of the   ins ta l la t ion  
was established by the  top surf‘ac-e nf the Scoop l i p  at the  Wet-velocity 
ra t ioe  below about 0.6, by the  center  section of the rarup at W e t -  
velocity  ratios between about 0.6 and 0.8, “by the inner surface of 
the side of the scpcsp l i p  at inlet-velocity  ratioa above about 0.8. The 
l imitat ion Imposed  by the top emface of the ecoqp l i p  is not regarbed 
as important because of the large delay i n  the  force  break which would 
occur for this component and became ahocks in this region would not 
a f fec t   the   in te r“  flow. Hence, the center  section of the ranp also 
i e  considered t o  be the limit ing  factor  at the Fnlet”ve1ocitg  ratios 
below 0.6. 

The results of figure 23 indicate that . i n  the h i m p e e d  range of 
inlet”ve1ocfty  ratio the acoop would perfarm ementially a8 at low 
speeha up t o  a Mach Illrmber o f  at least 0.81. A n  appreciable delay i n  
adveree effects  due t o  ahocks appears possible through modlficationa t o  
the transition curvature at the   crest  of the ramp. A further delay 
could be obtained by reducing the inclination of the mmg. 

Desiwl inlet-veloclty ratio.- The Fnlet”veloc1ty r a t io  f o r  
mimum total-reesure recovery at the end of the diffisers of c o n f i e  
ratione V and V I  w‘aa approximately 0.8 at the 1m~t suctio-flow coef- 
ficients  investigated. (See fig8. 15(b) and 15(c).)  A much lower value 
of inlet-velocity  ratio is desirable f o r  the highkpeed deaign  condition 
s o  that the corresponding  inlet-.velocity  ratioe for take-off and climb 
will not be so h r g e  a0 t o  cause  excessively 1 6  premure recoveries. 
A n  inspection of figures 15(b) and l5(c)  shows that the to ta lqreasure  
recovetry at the loweat 8ucticm”flow coefficients decreased only a amall 
amount (0.025~ leas) when the  Wet-velocity  ratio was decreaeed 
t o  0.6; but  appreciable further reductions resulted in  significant 
losses. A t  the higher auction-flow coefficients, decreaaea i n  total-  
pr-eeaure  recavery  greater  than 0.025% did not occur dawn t o  an 
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inlet -veloci ty   ra t io  of 0.5. It appears, therefore, that s-e 8coopa 
of t h i s  tme ehould be  designed for an inlet-mlocity r a t i o  in the  high- 
speed condition of 0.5 t o  0.6. 

The flow into twin internal ly  coupled inlet6 has been observed to 
be unatable in a m e r  of inatal la t ions when t he   i n l e t s  were operated 
at &z1 inlet-velocity ratio below that for peds total-pressure recaveqy 
at the end of the diffuser. This flow instabil i ty  apparently arises 
when EOEI disturbance chaugee the flow quantity into one inlet .  Inaa- 
much as the flow quant i ty   to   the engine tend6 to remain fixed, the  flow 
quantity  to the  second inlet undergoes an opposite and approxfmately 
equal change. Then, mince the  total-pressure  recaverg i n  each  duct 
increaaes  uith flow ra te ,  the flow quastity  continues t o  increase into 
one in l e t  and to decrease  into  the  other M e t .  

Results  obtained in  an investigation  currently under wax at the 
Amss Laboratory show that the diTergence in flaw late8 of t w i n  ducts 
just deSCrib6d cease6 when the. &tic  pressures i n  the two ducts becaans 
equal at t h e i r  juncture. Thfe research a l e 0  8hawa that this type of 
flow ins t ab i l i t y  cannot  occur if the  s ta t ic   preseure in each  duct at  
its juncture  with the other duct decreases c&inuously  with  increasing 
inlet-.velocity ra t io .  !L'htm, as  shown in figure 19, twlI+duct instal- 
lationa us- the eingle"suction-al0-t version of scoop copfiguration V 
or V I  can be designed eafelg for high-peed inlet-veloci ty  ratios a6 
low as 0.5, - t h e  minimxu value recammended f o r  s ing le scoops. An impec- 
t i o n  of the surface pressure  distributione along the  duct battam, - 
figure g(c), shows that the  surface pressure for - = 0*31 ia more 

T O  

positive thas that for  3 = 0.52 f o r  all langitudinal  stations between 

the i n l e t  and the'end of the diffuser; hence, this design value is  
satisfactory regardless of the "t of  area expaneion that h e  been 
obtained between the duct entrances and the  point of juncture. 

T O  

O p t i m u m  suction uuantity.- In order to obtain an indlcation of t he  
optimum suction  quantity,  the effect6 of the  suction flow in increasing 
the mxhm net thrust and reducing the corresponding specif ic   fuel  
consunq?tion of' an instaU&tion incorporating a typical  Jet engine rated 
at 4000 pounds s t a t i c  thruat at eea level  were  cornputmi f o r  a tygicd 

high"speed *si@ condition, Yo = 600 milea per hour and - vi = 0.6. 

The results of reference 10 were med t o  determine the effects of c w e s  
fn  total-presaure  recovery at the end of the diffueer on the  performame 
of the engine i t e e l f .  The drag of the  suction flow, oaquted from the 
euction-flow quantit ies and the  eetimated  total-reesure  recoveries 
i n  the suction flare at the exits of the suction  ducts, w a a  e u b t m t e d  

TO 
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from the -increase in net thrust indicated in reference 10 t o  obtain  the 
over-a,ll increase Fn net thmmt. In the case of the ramp suction slot 
of configuration VI, the total"pressure recoveries i n  the exiting 
suction flaw aaeumsd were those given i n   f i gu re  1 6 ( ~ ) .  For all other 
suction-6lote, a factor of 0 .l5q, was subtracted from the  values 
given in  figure 16 t o  allow for additional lossep in  the suction  ducte . 

between t h e   m a w i n g  s t a t i m  and the duct exits. The results of the 
camputations, figure 24, represent the gains in perfonmace  obtained by 
the use of boundary-layer control   re la t ive  to   the performance of the 
inetallst ion  using scoop configuration I. B o w - l a y e r  control would 
be expected. to  effect   appreciable gal- i n  performance in  this case or 
i n  any other  case in which flow separation occurs ahead of the inlet .  

The application of boundarp-layer suction is shown in figure 24 t o  
cause  important  increases in maximum net thrust asd import@nt decreases 
i n  specif   ic  fuel comumption for all al t i tudes between sea level and 
40,000 feet. The calculated  specific  fuel coneurtrpticm decreased 
regulaxly w i t h  increarres in suction-flow coeff ic ient   far  both the single 
d t w o - s l o t  asmngemants. The calculated. gain i n  mximm not thruat, 
however, reached maximum values for both the single and t-lot 
arrangements and then  decreased a a  the drag of the fluctlon flow began 
t o  increase more rapidly than the gain in t-t. due t o  the suction; . 
A t  a total   suction coef f lciant C 

consuaptions f o r  the  singl-lot and tu-lot versfona of configu- 
ra t ion V were the 882138 and the maximum net thrmet far the t w ~ l o t  
version W ~ S  only  about 1 percent greater than that for the aingle-alot 
version. Thus, in view of the low total-preasure  recoveries  obtahed 
i n   t h e  second suction.slot  at higher values of inlet-uelocity  ratio,  
the use of a second suction slot of the type  investigated again does 
not  appear jmt i f ied .  

Ql + cQ2 of 2.6, the specific fuel 

As shown by the data for configuration III, the peak value of 
maximum net thrust for   the  s i n & e - d O t  versions of the  preeent type of 
submerged scoap apparently  occurs at a suct~on-flar  coefficient of 0.8 
or below. However, inaamuch 4s  the net thruet decrease8 only slowly 
as the .euctirxl"flW  coefficient is increased above this value, a much 
larger value of suction-flow coefficient is desirable in order to 
realize a further decrease . i n  specif ic fue l  conaumpt ion. Thp reeul t  a 
for  configuration V indicate that a suction-flow coefficient et6 high 
a8 3 may be desirable. It is  noted that the &crease in net thrust 
caused by the  increase in mctian-flow  coefficient above the value fo r  
peak net thrust probably can be minimized by redesigning the suction 
s lo t  t o  obtain a lower slot entry  velosity  ratio.  Several investigations, 
euch aa that of reference 6 ,  have shown that an average flow velocity into 
the .s lo% entry of 0.6 of the  local  f low  velmity is approximately optimum. 
With a main duct  Wet-elocity  ratio of 0.6, the  inlet-velocity ratio of 



the ramp suction slot of configuration VI w m  about 0.53 baaed. on the  
local flow velocity at a suction-flow  coefficient of 1.8. 

For the single+lot,  version of canfiguration VI, a euction-flow 
coefficient of 1.8 (U.7 percent of the  entering flow) produced 
calculated  increaaes of 6.2 and 6.4 percent in  maximum net  thrust at 
sea level  and 40,OOCbfoot altitude,  respectively. The corresponding 
decreases in epeoiffc  fuel  conerntion were 5.1 and 3.1 percent. 

Variation of Boundary-Layer Thickness 

Average.total-preesure  recoveries in the  main ducts of cmfigu- 
rations I71 a p l  V are preiiiented in figure 25 f o r  the three initial 
boundarp-layer thichesses investigated  (fig. 7) . The result8 f o r  
boundary layers A and B, which had displacement th i chesses  of 0.074 
and 0.085 inch, respectively; were very neaPly the 8 a . t ~  f o r  comparable 
euction4low  coefficients. Doubling the diaplacemsnt thickness of the 
b w y  Layer, however, produced lossee of as m h  as 0.0%. 
(Compare recoveriea a t .  the,  ends of the difflmers for boundary layers B 
and C at equal  values of  the. t o t a l  8uction”flo-w coefficient C&r + CQ.) 
This resul t  shows that the  auctioll--flar  coefficient  required to obtain 
a given total-preesure  recovery is  not indBpendent of the initial 
boundasy-layer t h i c h e s s ,  but instead  increases  rapidly wlth increases 
in   t he  initial. boundary-layer thicbness . 

Average-total-pressure recoveries in the ramp ana second auction 
slots of configuration V after axes e m i o n s  of 2:l a r e  preeented in  
figure 26 fo r   t he  three initial boundm-y-layer thiclmesses. It has been 
shown previously  that the total-pressure  recovery in the ranq s l o t  was 
essentially independent of the suction-flow coefficient.  The results 
of figure 26(b) indicate, therefore, that the  tatal“pressure recovery 
in  this slot i s  changed on ly  a amall amount by variat iona  in   the 
initial boundary--layer thickness. It should be noted, hawever, that 
even  though the total-reeaure  recovery in this s l o t  remafne constant, 
the  drag equivalent of i ts  suction flow will increase continuously 
w i t h  increases in initial boundary-layer thicknees at a constant 
suction-flow coefficient  becawe the a b s o l ~ e  quantity of suction flaw 
for a constant  suction-flow  coefficient  varies dlrectly with the 
boundary-layer thickness. 

Results of cdculat imm of the  effect  of bmdaqy-layer  thiclmess 
on the maximum net thrust  and correeponding specific fuel consumption of 
a jet-engine instaUation using ecoop configuration 111 are presented i n  
figure. 27. The operating  conditions  considered are the same as those 
considered in the preceding  section of  the  paper. .The calculation 
procedure &Leo was identical  except tha t  the differences in w a k e  drag aft 
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of the m e t  f.w the three boundary layers was taken  into  account. 
Increases in  the  thickness-of  the initid. hauldarg layer are ehom to 
cause bnportant decrease8 i n  mximum net thruet and important  increases 
i n   t h e  corresponding  specific fuel canasrmption. These adverse effect8 
cannot be eliminated by merely increasing the suction-flow coefficient 
because attending  increases  in  the drag of the suction system would 
offset any gain i n  total"pressure. recwery  obtained at the end of the 
diffuser. Hence, €he'present  type of  inlet appear6 deeirable f o r  
application only at forward locatione on the fuselage where the boundary 
layer i s  relat ively t h i n  and. not at a f t  locations such a8 might be 
desirable for an engine inetalled in the  rear peu't of the fuselage. 

A submerged air  scoop consieting  essentially of a conventianal 
scoop located in a dimple i n  the fuselage surface has been investigated 
preliminarily at low speeds both  without and with-boundary-layer  corrtrol. 
The more Lmportant results of the t e a t s  of this inlet i n  the presence of 
an initial turbulent boundary layer approximately  representative of full" 
scale  conditions 3ust ahead of the vfng of a fighte+type airplane in 
the high-peed high-al'titude flight  conditions are 8llmm~rized . .  . &8 followe: 

. "" 

1. Without bounbry-J"r control, the peak t o t a l - g r e e m e  recovery 
at the end of the 2 :1 area r a t i o  diffuerer wae 0.83% and occurred at 
an inlet-velocity  ratio of 1.1. Application of boundary-layer control 
increased the pressure  recovery markedly m e r  the entire inlet"ve1ocitp 
ratio range Ad. shifted the peak pressure recove- t o  a much lower value 
of inlet"ve1mity  ratio. 

L 

2. When sufficient  auction flow wae provided t o  obtaln a peak 
total+reereure recovery at the end of the diff'user of' 0.90% o r  
greater,  the  total-pressure  recowry at this pQint remained above 0.859, 
mer a range of inle+-velocity  ratio  broad enough t o  'cover tEe more 
m o r t a n t  flight conditions. 

3.  The total-preasum recwery waa not cr i t ica l ly   sens i t ive  ko 
amall var ia t iom in  s u c t i w l o t  location and, for  a given total suction 
quantity, was not increased by the w e  of two slots in tandem. 

4. It ie  indicated that inatallation of an in le t  of this type will 
not increase  the external drag 'importantly above an inlet"ve1ocity  ratio 
of about 0.5 provided that the mct ian  flow is exited i n  a region which 
is not c r i t i c a l  w i t h  respect t o  flow separation. 
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5. I n ,  the final mangement  tested, a suction  quantity of 
11.7 percent of the  entering flow produced calculated  increase6 in 
maximum net  thruet of 6.2 percent o r  greater and calculated  reductions 
in specific fuel consumption of 3.1 percent or greater (compared t o   t h e  
basic   inlet  without  boundary-hyer control) f o r  a ty-pical j e t eng ine  
installation  operating at a f l i g h t  speed of 600 mixes per hour. 

6. It appears that the flow inetabi l i tg   f requent ly  encountered in  
the  case of in in  internal ly  coupled inlets wtll be avoided  with this 
arrangement f o r  design h i m p e e d  Fnlet-velocity ratios as low aa 0.5. - 

Appreciable  increases in  the  thiclmess of the  Fni t ia l  boundary 
layer  caw.ed  significant  decreases in i n l e t  performance which cannot be 
overcame s-ly by increasing  the  suction  quantity. Hence, the  present 
tgpe of inlet appears desirable .for  application only at forward  locations 
on the fuselage where .the boundary layer is  r e l a t ive ly   t h in  and not at 
aft locations such as might be desirable f o r  an engine iqt3tdle-d i n  the 
rear  part of the fuselage. 

Further research on the preeent  tgpe of inlet, including in p- 
t i cu l a r  measurements of t h e   t o t a l  drag, appears  desirable.  Tests at 
transonic speedB t o  es tabl ish the high-peed character is t ics  and complete 
model t e s t s   t o   e s t a b l i s h   t h e   e f f e c t s  of pi tch and yaw are necessary 
before  the inlet can be recommended for  application. 

Langley Aeronautical  Laboratow 
National Advisory C o W t t e e  for.  Aeronautics 

Langley A i r  Force Base, Va. 
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(a) Original version of configuration 111, Corifiguratlon I WBB i den t i ca l  except f o r  absence of s l o t .  

Configuration I1 a l s o  ma Identical except that slot waa 0.43 inlet  heights m b e r  aft. 

Figure 2.- Views of typ ica l  scoops. . w 
I L-55969 .I 

. . .. 
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(b) F&l version of configuration I11 with modified slot,  scoop lip, and guttera.  
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(c)  Configuration m. 

Fi*- 
inued. 
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(a) Configuration VI, side view. Configuration V w a  identical except for absence of bypaaa exits. 

Plgure 2. - Continued. ,v - 5-599&*1 
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(e)  Configuration VI, plan view. Configuration V wa~ identical  except for absence of bypass exits.  

Figure 2 . -  Concluded. v 
0 L- 59943 w 
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(a1 Longitudml section through centerline, 



42 NACA m ~ 5 0 ~ 1 3  - 
.. . . Basic f-usetage contour 

19 

I 
(b) Transverse sect,ion through sta. -4.5. 

I b) Transverse section through sta. 2 0 .  

. . . . - . . . . . . . . . . - 

(d) Transverse section ttvough sta. 1.0. 

" 

. .. 

Figure  3. - Concluded. 
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\ J  I I /Profile o f  basic ramp 

43"R -I 

(c) config. m. 

sta. 3.09 - 
(e) Rear slot, Configs. T,YL - 3" 

Figure 4. - Dimensions of boundary-layer slots. 
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I.. . . . . I  I 

Inlet of main duct. " A r r a n g e m e n t s  with second slot 

I 
0 0 . 

0 total pressure fube 
x static u " 

tube present in Configurations m-PI only 
(b) End of diffuser o f  main duct. 

(c)  End of diffuser of fore slot of Configuration T. f 

la83 =-I 1 

(dl End of diffuser of rear  slot of CmfiguraticKts P 8 X. 
36 3 -1 

.c 
e 0 

( e )  By pass exit  (sta. 285). of Configuration PT 

I 

Figure  6.- BWensions and instrumentation of measuring stations in ducting. 
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Figure 7.- Velocity distributlone In  boundary layer 20 inches ahead of inlet. c 
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X. 111. 

(a) Configuration I, no sht. 

Figure 9: - Static-pressure  distributions 

. . . . . . . . . . 
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P 

(b) Configuration 111, C Q ~  = 1.6. !2 
wl r' 

along center line of ramp and duct  bottom. Boundary layer B. E 
W 

. . . . . . . 
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x, in. I““ 0 E 16 DI 
x, ln. 

(c)  Conflguratton V, C 1.7. 4 (a) Configuration V, C = 1.7, C Q1. 92 = OS9. 

Flgure 9. - Concluded. 
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(a) Configuration 

Figure 10.- Static-pressure 

. . . . . . . . . . . .  

4 -2 in. 0 

I. (b) Configurdtion 111, 
c4 = 1.6. 

-4 0 

(c) Configuration V, 
c4 = 1.7. 

. . . . . . . . . . . . . . .  

dlstributione in valley approaching inner corner of entrance. Boundary 
hyer B. w 
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NACA m ~ 5 0 ~ 1 3  

4 6 a 0 e 
x, in. 

(a) Base section - configuration I. 
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A-A 

-1 .e , I I I I 1 
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Figure 12.- Continued. 
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x ,  La. 
( c )  TOP corner section - configuration V, CQ = 1.7. 

Figure 12. - Continued. 
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(a) Center” section - configuration V, CQ = 1.7. 

Figure 12.- Concluded. 
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(a) Effect of inlet-velocity ratio. Slotlees configuration I. 

Figure 13.- Velocity profile6 of boundary layer on duct floor at center line of entrance maeuring 
station. 
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0 .4 .6 1 .o 1.2 1.4 1 a 6  

1 .o 

.6 

.6 

.4 
0 .B .4 1 .o 1.2 1.4 1 .6 

(a) Confipations I, IT, III, and V. Effect of ramp  elot  configuration. 
' Standard ramp without sidewdLe, no second slot, boundary layer Be. 

Figure 14.- Comparison of average total-pressure recoveries at inlets and 
ends of diff'users of  the severalscoop configurationa. 
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t I  

I" 

0 .e .4 .a 1 .o 1 .a 1.4 1.6 
A 

- Vl 
vo 

(b) Configurations I11 and IV. Effect of diverging ramp s i d e a s ,  
boundary layer A. 
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(w2v 
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0 .e .4 .e .8 1 .o 1 .z 1.4 

(c)  Configuration V.' Effect  of addition of second s lo t  inside inlet, 
boundary layer B. 

Figure 14. - Continued. 
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0 .e .4 1 .o 1.2 1.4 1.6 

Configurations V and VI. Effect of m i a b l e  suction f l a w  aB provided 
by bypaas of configuration VI; no second slot, boundary layer B. 

Figure 14. - Concluded. 
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(c )  Codiguration VI. 

Figure 1.5.- Concluded. 
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Figure 17.- Average total-pressure recovely at end Of difflzaer at 2 = 0.52 88 a function of suction 

quantity and distribution of a c t i o n .  Configuration V, bounaary layer E. 
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Figure 18. - Suction f low quantiky provided by 

1.0 1.2 1.4 1.6 

bypass of configuxation VI. Boundary layer B. 



(a) Configuration V. (b) Configuration- VI. 

Figure 19.- Average e ta t i c  preasure at end of diffuser. Boun&ry layer E. 
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1.7 0.52 

(a) At inlet. 

Figure =.- Velocity distributions in main duct of configuration V. 
Boundary  layer B. 
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(b) -At end of diffueer. 

Figure x). - Concluded. 
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* R i e r  frm 1.97 at vi = 0.31 t o  0.80 at 3 : 1.M. See fig. 180 
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22.- Increase In external drag cause& by installation o f  scoop. Boundary layer B. 
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(a) c4 = 1.7. (b) C q  =I 2.6. 

Figure 23.- Predicted crit ical .  Mach number characteristics of configuration V. B a u n a s r y  layer B. d 
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(a)  amp slot o w .  (b) TWO slotB operating, c 
Ql = *Or 

configuration v and 1.8 f o r  configu- 
ration VI. 

Figure 24.- Effects of suction quantity aud slot  arrangement on maximum net  thrust and correqonding 
specific fuel conmmption of a typical Jet engine (rated a t  4000 lb stat ic  thrust at sea level 

at 7700 rpm) fo r  a typical high-speed design condition. Vo = 600 mph, 2 = 0.6, ,engine operating 

at rated r p n J  boundary mer B. 
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(a) Configuration TIT, C = 1.6. 
Ql 

(b) Configuration V. 

Figure 25.- Effect of boundary-layer ehlcknees on average  total-pressure recoveries at inlet and end 
of diffusere. 
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(a) Ramp s l o t .  (b) Second slot in duct floor a= 
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Figure 26.- Effect of boundary-layer thiclmess on average total-pressure recoveries at en& of diffusers 
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Figure. 2'7.- Effect of  bQundary-layer thickness on max- net thrust and 
corresponding  specFfic fuel consumption of 8- typica l  jet engine for  a 

typical  high-speed design condition. Vo = 600 mph 

cQl = 1.6, configuration III. ' 
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' E =  0.6, 
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